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This invention concerns an improved method 
of polymerizing vinyl and vinylidene compounds, 
particularly vinyl halides, and also certain new 
complex catalysts which are exceptionally effec 
tive in promoting the polymerization reactions. 

It is known that the polymerization of a vinyl 
halide, either alone or in an inert medium, is 
catalyzed by the presence of peroxides. However, 
even when using such catalyst, the polymeriza 
tion occurs sluggishly and long periods of time are 
required in order to obtain commercially practical 
yields of the polymer. Also, the polymer obtained 
under such usual polymerization conditions fre 
quently possesses unsatisfactory molding proper 
ties or poor strength characteristics. Similar dif 
ficulties are frequently encountered in polymer 
izing other vinyl or vinylidene compounds. 
In a copending application, Serial No. 351220, 

filed August 3, 1940, and issued June 5, 1945, as 
Patent No. 2,377,752, of which the present appli 
cation is a continuation-in-part, we have dis 
closed that vinyl and vinylidene compounds, and 
particularly vinyl halides, may be polymerized 
rapidly by carrying the polymerization out under 
acidic conditions in the presence of a peroxide 
and a ferric, chromic, or an aluminum salt. The 
acid-acting ingredient, the peroxide and the met 
all salt co-act as a unitary complex catalyst which 
is far more active in accelerating the polymeriza 
tion reaction than is any of its individual in 
gredients. However, said Copending application 
claims only a polymerization process wherein the 
essential metal salt ingredient of the complex cat 
alyst is a ferric compound. The present appli 
cation covers such acidic catalyst mixtures com 
prising chromic or aluminum salts and a polymer 
ization method involving the use of these com 
plex catalysts. 

Examples of vinyl and vinylidene compounds 
which may advantageously be polymerized in the 
presence of the complex catalysts provided by this 
invention are methyl acrylate, methyl isopropenyl 
ketone, vinyl cyanide, vinyl chloride, vinyl brom 
ide, asymmetric dichloro-ethylene, vinyl acetate, 
etc., as Well as mixtures of Such polymerizable 
Compounds. 

Except for the presence of the complex cat 
alyst, the polymerization reaction may be car 
ried out in any of the usual ways, e.g. en masse, 
or in aqueous emulsion, or in the presence of an 
organic solvent capable of serving as a mutual 
solvent for the polymerizable compound and the 
complex catalyst. However, the rate of poly 
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2 
merization varies with the different vinyl or vinyl 
idene compounds, depending upon the reaction 
medium used, i. e. a medium which is satisfac 
tory for the catalytic polymerization of one com 
pound may be poorly adapted to the polymeriza 
tion of another compound or vice versa. For in 
stance, the polymerization of vinyl cyanide with 
the complex catalyst occurs rapidly in the pres 
ence of aqueous methanol as a reaction medium, 
but only sluggishly if carried out in aqueous emul 
Sion. In contrast, the polymerization of asym.- 
dichloroethylene with the complex catalyst occurs 
rapidly when carried out in aqueous emulsion, 
but only sluggishly when using aqueous methanol 
as a reaction medium. Accordingly, care must be 
taken to employ a medium which does not inter 
fere with the polymerization of the vinyl or vinyl 
idene compound under treatment. For this rea 
son, the description will, from this point on, be 
directed particularly to the polymerization of 
Vinyl halides, it being understood that the com 
plex catalysts disclosed are effective, when used 
together with a suitable medium, in polymerizing 
other vinyl and vinylidene compounds. 
We have found that the polymerization of a 

vinyl halide in the presence of peroxides may be 
further accelerated by also having present a 
chronic or an aluminum salt and sufficient of an 
acid-acting substance to render the reaction mix 
ture acidic, e. g. to bring it to a pH value below 6 
and preferably between 1 and 3. Examples of 
chromic and aluminum salts which may be used 
in the process are the metal chlorides, sulphates, 
nitrates, acetates, etc. By "salts' of chromium 
or aluminum, we refer to ionizable compounds of 
these metals, wherein the positive metal ion is 
attached directly to an acid radical. The metal 
Salt need not be added as such to the reaction 
mixture, but may be formed in situ within the 
mixture, e. g. by the reaction of an acid on an 
oxide of the metal. If desired, the complex cat 
alyst may comprise a mixture of chromic and alu 
minum salts together with one another or to 
gether with a ferric salt. 

Examples of acids which may be used as the 
acid-acting ingredient of the complex catalyst 
are nitric acid, hydrochloric acid, sulphuric acid, 
acetic acid, chloroacetic acid, etc. A mineral 
acid is preferably used. In place of an acid, any 
acid-acting Substance capable of rendering the 
mixture sufficiently acidic may be used. For in 
stance, when carrying the polymerization out in 
the presence of water and aluminum chloride or 
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aluminum nitrate, etc., the metal salt often is 
hydrolyzed to a sufficient extent to bring the nix 
ture to the preferred pH value of between l and 
3, in which case an acid need not be added as 
such to the mixture. 
vinyl halide in the presence of water a slight 
amount of acid sometimes is formed due to hy 
drolysis of a small portion of the vinyl halide. 
The amount of acid formed due to such hydrolysis 
of the vinyl halide is small and usually insuffi 
cient to bring the mixture to the preferred pH 
value. In any instance, the reaction mixture 
should contain sufficient of an acid-acting Sub 
stance to render it definitely acidic, and prefer 
ably of pH value between and 3. It should be 
mentioned that the activity of the complex cat 
alyst appears to decrease when the pH value of 
the reaction mixture is reduced below 1; hence, 
that the use of an excess of acid over the amount 
required to obtain the preferred pH range of 
from 1 to 3 is advantageously avoided. In most 
instances, the catalyst exhibits its maximum ac 
tivity at pH values between 1.8 and 2.8, and the 
acidic ingredient is usually employed in amount 
such as to give the reaction mixture a pH value 
within this range. It is our belief that the de 
crease in polymerization rate which occurs when 
a reaction mixture is rendered too acidic is not 
due to an actual decrease in the activity of the 
catalyst, but instead, is due to separation of the 
polymerizable compound and one or more of the 
ingredients of the catalyst into distinct phases. 
However, the invention is not limited by any 
theory as to the reason for the results herein re ported. 
Hydrogen peroxide is preferably employed as 

the peroxide ingredient of the complex catalyst, 
but other peroxides such as sodium peroxide, 
barium peroxide, annonium persulphate, sodium 
perSulphate, potassium persulphate, or benzoyl 
peroxide, etc., may be used. The peroxide is 
usually employed in amount corresponding to be 
tween 0.002 and 0.2 of the molecular equivalent 
of the compound to be polymerized. 
The chromium or aluminum salt is usually em 

ployed in a proportion such as to contain between 
0.0005 and 0.05 gram atomic weight of the metal, 
i. e. chromium or aluminum, per gram mole of 
the vinyl halide reactant. However, the propor 
tion of the metal salt may be varied widely, pro 
vided sufficient peroxide is present to co-act with 
the same as a catalyst for the polymerization re 
action. A large excess of the peroxide may be 
used if desired. However, the employment of an 
excess of the metal salt, over the amount which 
will co-act catalytically with the peroxide, may 
result in the polymerization reaction becoming 
sluggish, or ceasing, before it is completed. When 
using 0.005 gram mole of hydrogen peroxide per 
gram mole of vinyl chloride in polymerizing the 
latter and carrying the reaction out under acid 
conditions, the proportion of an aluminum salt 
used as a catalyst ingredient may advantageous 
ly correspond to between 0.0005 and 0.04 gram 
atomic weight of aluminum per mole of the vinyl 
chloride or, alternatively, the proportion of a 
chromium salt used as such ingredient may cor 
respond to between 0.0005 and 0.02 gram atomic 
Weight of chromium per gram mole of the vinyl 
chloride. The use of a larger proportion of the 
aluminum or chromium Salt together with the 
amount of hydrogen peroxide just stated results 
in lengthening the time required, under other 
wise similar conditions, to carry the polymeriza 
tion reaction to completion. However, by in 

Also, when polymerizing a 
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8 
creasing the amount of peroxide, the metal salts 
may satisfactorily be used in considerably larger 
proportions. No upper limits to the proportions 
in which said metal salts may be used have been 
found. 
The polymerization of a vinyl halide with the 

acidic complex catalyst is advantageously carried 
Out in the presence of a Water-miscible organic 
Solvent such as methanol, ethanol, propanol, 
butanol, acetone, dioxane, etc., or an aqueous SO 
lution of Such solvent, as a reaction medium. 
Aqueous methanol of from 70 to 90 per cent by 
volume concentration is preferred. The medium 
may be used in any desired proportion, provided 
that sufficient is employed to co-dissolve the cata 
lyst and the vinyl halide. Usually, aqueous 
methanol is employed in amount approximately 
equal to the weight of the vinyl halide to be poly 
merized. A solution of the vinyl halide, the com 
plex catalyst and the medium may be prepared 
by admixing the several ingredients in any de 
Sired Order. 
The polymerization of a vinyl halide in the 

presence of the complex catalyst may be carried 
out rapidly and completely at temperatures be 
tween -10 and 50° C. to obtain a colorless poly 
mer having good molding properties and good 
strength. Higher polymerizing temperatures may 
be employed if desired. When operating at tem 
peratures below 0° C., the reaction may be car 
ried out at atmospheric pressure, but at higher 
temperatures it is carried out under pressure in 
a closed vessel. By using the complex catalyst 
to promote the polymerization, polymers of con 
sistently good quality may be produced. 
The following examples describe certain ways 

in which the principle of the invention has been 
applied, but are not to be construed as limiting its 
SCOpe. 

EXAMPLE 1. 
A number of mixtures comprising vinyl chlo 

ride and an equal weight of aqueous methanol 
of 80 per cent by volume concentration were pre 
pared. Certain of these mixtures contained hy 
drogen peroxide, other contained nitric acid or 
aluminum chloride, and still others contained all 
three of these ingredients. In the instances in 
which nitric acid was present, it was added to the 
aqueous methanol, in amount sufficient to give 
the latter a pH value of 1.4, before adding the 
vinyl chloride or other ingredients. It should be 
mentioned that the addition of aluminum chlo 
ride to such acidified aqueous methanol causes a 
further lowering of the pH value, in some in 
stances to less than 1. The hydrogen peroxide, 
When employed, was used in amount correspond 
ing to 0.3 per cent of the weight of the vinyl 
chloride. The proportion of aluminum chloride 
Was varied in the different experiments. The 
following table expresses the proportion of alu 
minum chloride (AlCl3) employed in each ex 
periment both as per cent of the weight of the 
vinyl chloride reactant and as gram atomic 
Weights of aluminum per gram molecular weight 
of the vinyl chloride. Each reaction mixture was 
heated in a closed container at a temperature of 
40 C. for the time stated in the table, after 
which each mixture was examined to determine 
the proportion of the vinyl chloride which had 
been polymerized. The table indicates whether 
nitric acid and hydrogen peroxide were used in 
each experiment, states the proportion of alu 
minum chloride employed, and gives the per cent 
of the vinyl chloride which was polymerized. It 
also gives the polymerization rate as per cent 



2,478,005 

of the vinyl chloride polymerized per hour of 
heating of the reaction mixture at 40' C. 

able 

AlCls as: 

Run NO O. Gm. Atomic Time, Per Cent Polymer 
No. Added. Added E. S. Ers, ization 

ny of Vinyl 
Chloride his 

0.353 0, 0026 72 
0.553 0.0026 72 

0. O 72 
0.53 0.0026. 24 
0.055 0,00028 72 
0.11 0.00052 '48 
0.277 0.0030 48 
0,553 0, 0026 24 
0,830 0,0039 24 

10---- Yes--- Yes--- , 2.22. 0.01.04 24 
ll.--- Yes--- Yes--- 5.530 0.026 24 
12.--- Yes... Yes--- 11.060 0,052 48 

In Table I it will be noted that neither the alu 
minum chloride alone nor the aluminum chlo 
ride together with the acid are as active as cata 
lysts for the polymerization reaction as a mix 
ture of the acid and the peroxide. However, runs 
4-12 show that a mixture of aluminum chloride 
and the peroxide and also mixtures of aluminum 
chloride, a peroxide and an acid are far more 
effective as catalysts than is the mixture of acid. 
and peroxide. Run 4 of the table should not be 
interpreted as meaning that an acid is not re 
quired as an ingredient of the complex catalyst, 
The aluminum chloride is partially hydrolyzed 
by the water in the aqueous methanol to produce 
an acid in situ within the reaction mixture, i. e. 

Per Cent 

except one instance, 0.1 part of concentrated 
nitric acid was also added. In a number of the 
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as Per Cent 
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experiments, chromic chloride in the proportion 
stated in Table II was added. Each reaction mix 
ture was heated at 40 C. in a closed container 
for 24 hours, after which the proportion of vinyl 
chloride which had been polymerized was deter 
mined. Table II states for each experiment, 
whether nitric acid and chromic chloride were 
employed, gives the proportion of the chromic 
chloride (CrCl3.6H2O) both as per cent of the 
weight of the vinyl chloride and as gram atomic 
weights of chromium per gram molecular weight 
of the vinyl chloride, states the per cent of the 
vinyl chloride polymerized, and gives the poly 
merization rate as per cent of the vinyl chloride 
polymerized per hour of heating at 40° C. 

Table II 

CrC16BO as: 

Gm. Atomic Percent Polymer 
Run No. S9 Percent of Wisoft Polyner- ization 

Added Vinyl Per Gim. ization E. as Per 
Chloride Mole of ent per Hr. 

Vinyl 
Chloride 

0 
Yes----- 0.00078 0. 87.5 3.64 
Yes----- 0.000975 0.00 90 3.75 

--- Yes----- 0.00156 0.0088 95 3.96 
a Yes.----- 0.00487 0.00586 90 3.75 

7-------------- Yes----- 0.095 O 57 2.37 

in run 4, the solution of the aluminum chloride 55 From Table II it will be seen that neither hydro 
in the aqueous methanol, used as a reaction mer 
dium, had a pH value of 2.7. The lower rates of 
polymerization in runs 5-9, as compared with 
run 4, was due to the use of too great a proportion 
of acid. Runs 5-10 show that the rate of poly 
merization increases with increase in the propor 
tion of the aluminum salt, provided sufficient 
peroxide is present to co-act catalytically with 
said salt. Runs 11 and 12 show that the rate of 
polymerization decreases when the proportion of 
the aluminum salt is increased above that which 
will co-act catalytically with the peroxide in the 
reaction mixture. 

ExAMPLE 2 

In each of a series of experiments, a reaction 
mixture was prepared which contained 10 parts 
by weight of vinyl chloride, 10 parts of aqueous 
methanol of 85 per cent by volume concentra 
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70 

gen peroxide alone, nor a mixture of the same 
and nitric acid were satisfactory as catalysts for 
the polymerization, but that the complex cat 
alyst comprising the peroxide, acid and a chromic 
Salt was highly effective for the purpose. The 
decrease in polymerization rates in runs 6 and 7 
were evidently due to employment of the chromic 
Salt in proportions greater than will co-act cat 
alytically with the amount of peroxide used. 
When employing such relatively large proportions 
of a chromic salt, the proportion of the peroxide 
may advantageously be increased. 
Other modes of applying the principle of the 

invention may be employed instead of those ex 
plained, change being made as regards the 
method herein disclosed, provided the steps or 
ingredients stated by any of the following claims, 
or the equivalent of such stated steps or ingredi 

tion, and 0.03 part of hydrogen peroxide. In all 75 ents, be employed. 
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Wetherefore particularly point out and dis 

tinctly claim as our invention: 
l. The method which comprises polymerizing a 

vinyl halide in the presence of an aqueous inert 
ionizing solvent as a reaction medium and a Small 
amount of an acidic complex polymerization cat 
alyst containing, as its essential ingredients, a 
metal salt containing as the positive ion a metal 
selected from the class consisting of chromium 
and aluminum, which metal Salt is present in 
amount such as to contain at least 0.0005 gram 
atomic weight of said metal per gram mole of 
the material to be polymerized, and a peroxide 
in amount sufficient to co-act in catalytic man 
ner with said salt, the polymerization mixture as 
a whole being of a pH value between 1 and 6. 

2. The method as described in claim 1 wherein 
the vinyl halide is vinyl chloride, the solvent is 
aqueous methanol of from 70 to 90 per cent con 
centration, the peroxide is hydrogen peroxide and 
the polymerization mixture as a whole is of a pH 
value between 1 and 3. 
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